Background:
Background
Insul in injections are essential in type 1 diabetes, which is characterized by the absence of endogenous insulin production. The vast majority of patients with type 2 diabetes will also require insulin therapy at some point in their treatment, with increasing use in the early treatment of type 2 diabetes because of the benefits in terms of hemoglobin A1c reductions. 1 The traditional method of injecting insulin with a vial and manual syringe has largely been supplanted by newer methods, particularly insulin pen devices, which offer marked improvements in terms of convenience, flexibility, and social acceptability. [2] [3] [4] Indeed, studies have shown that patients with diabetes who need to inject insulin tend to prefer pen devices to the vial and syringe option. 5, 6 Health care professionals also prefer insulin pens for their patients, believing that it is easy to teach patients how to use pens. 7 Insulin pens also offer advantages over the vial and syringe in terms of improved dose accuracy. 8 However, dosing errors, such as injecting a short-acting insulin when a long-acting insulin should have been administered, can result in serious adverse events.
Patients with type 1 diabetes and some patients with type 2 diabetes inject long-and short-acting insulin as part of a multiple daily injection regimen for the control of basal and prandial glucose fluxes. 1 Lantus ® SoloSTAR ® (sanofi-aventis, Bridgewater, NJ) is a prefilled disposable pen for injection of the basal insulin, insulin glargine (Lantus ® , sanofi-aventis), which is administered once daily. Apidra ® SoloSTAR ® (sanofi-aventis) is used to inject the fastacting insulin, insulin glulisine (Apidra ® , sanofi-aventis), which is administered before or shortly after a meal.
FlexPen
® (Novo Nordisk, Princeton, NJ) is another commonly used prefilled pen device used for injection of the basal insulin detemir (Levemir ® , Novo Nordisk) and the short-acting insulin aspart (NovoLog ® , Novo Nordisk). FlexPen has been shown to be easy to use, with greater patient preference and superior dose accuracy compared with the vial and syringe. is not visible when the cap is attached to the pen. In contrast to the FlexPen, SoloSTAR is available in specific body colors for insulin glargine and insulin glulisine in addition to characteristic differences in the label color/text, injection button color, and tactile features on the injection button. 10, 11 For the purposes of this study, we also used "undifferentiated" SoloSTAR pens, as shown in Figure 1C , in which the same color elements and label shapes were used, and the only differentiating feature was the text on the label. These undifferentiated pens were prepared specifically for this study and are not available for clinical use. Because of the similarities between the long-and shortacting pens, it is a concern that mix-ups could occur, particularly among people who regularly inject a combination of basal and/or prandial and/or premixed insulins. 12 Poor visual acuity and impaired color vision are relatively common in people with diabetes, partly as a result of diabetic retinopathy. In 2005, 5.5 million people with diabetes in the United States were estimated to have diabetic retinopathy, a figure predicted to increase to 16 million by 2050. 13 Being able to correctly identify the insulin pen is important in order to reduce the likelihood of injecting the wrong type of insulin and thus avoid potential risk of adverse events, such as hypoglycemia, which may ensue, particularly if a short-acting insulin is administered instead of a long-acting insulin.
The objective of this study was to characterize how successfully patients with diabetes are able to distinguish between pens of the same pen type containing longand short-acting insulins using SoloSTAR and FlexPen devices.
Methods
This study involved two independent but identically designed surveys of people with diabetes to compare the ability to differentiate between long-and short-acting insulin-containing prefilled pens using either SoloSTAR or FlexPen sets of pens. The independent nature of the surveys was used to avoid learning and positive (or negative) reinforcement on subsequent differentiation tests.
Each study involved face-to-face one-on-one interviews conducted with patients with diabetes in 10 different locations across the United States. All interviews were delivered by staff from Lieberman Research Group (Great Neck, NY) who were trained in advance to ensure standardized delivery. The screening procedure is summarized in Appendix 1 and the main questionnaires in Appendices 2 and 3. Identical procedures were used in both surveys. The surveys were conducted in a well-lit office setting.
Participants were provided with one of three pairs of pens in order to compare a pen for long-acting insulin versus a pen containing a short-acting insulin from the same manufacturer [i.e., differentiated/undifferentiated Lantus SoloSTAR vs Apidra SoloSTAR and Levemir FlexPen (insulin detemir) vs NovoRapid FlexPen (insulin aspart)]. The participants were given a verbal description of how to use the pens. Those given the SoloSTAR pens were randomly provided with either a differentiated pair or with an undifferentiated pair.
The participants were shown the pens side by side and were asked to identify which pen would be used for Scenario 1: injecting insulin at lunch (short-acting insulin); Scenario 2: injecting once daily (long-acting insulin); and Scenario 3: injecting at breakfast (short-acting insulin). The participants were then asked to state whether they believed that they would have trouble remembering that the pens were different. In order to understand which feature(s) participants used to distinguish between pens, they were asked at the end of each question how they differentiated between the pens.
At the end of the interview, the participants were given the pen containing the short-acting insulin. According to the randomization schedule, the participants were then asked one of two questions: (1) "It is time to give yourself your three times a day insulin. Is this the right insulin pen?" (correct response, yes), or (2) "It is time to give yourself your one time a day insulin. Is this the right insulin pen?" (correct response, no).
Study Outcomes
The following parameters were assessed: (1) error percentage rate: the proportion of patients failing to select the appropriate pen to use in each of the three different scenarios; (2) the features used by patients to distinguish between the pens; (3) the proportion of patients who thought they would have trouble remembering that the pens were different; and (4) the proportion of patients able to identify the short-acting insulin pen in isolation.
Participant Eligibility
Potential participants were approached at shopping malls in 10 cities in the United States, and eligibility was assessed using a screening questionnaire. Participants with type 1 or type 2 diabetes who were taking oral antidiabetic medication or insulin (pen device or vial and syringe) were eligible for the study.
Potential participants were excluded if they or an immediate family member were currently an employee, a paid consultant, or a clinical researcher for any pharmaceutical manufacturer or their agents; a paid consultant for a government health-related agency (e.g., The Food and Drug Administration) or an advertising agency; or a physician, nurse, or an employee of a public relations agency or marketing research agency; had participated in any market research studies in the past 3 months; or used an insulin pump for insulin administration. All enrolled patients provided written informed consent, and subjects who were deemed by the instructors to be uncooperative, not paying attention, or unable to focus on the questions were excluded from the survey. The target sample size was 100 participants for each SoloSTAR group and 200 for the FlexPen group.
Statistical Analysis
All data were analyzed descriptively, with means ± standard deviation for continuous variables, and n and percentage for categorical variables. Statistical t-testing was performed at the 95% and 90% levels.
Results
The characteristics of the participants in each group are summarized in Table 1 .
The majority of the participants correctly identified the insulin/pen to be used in a specific scenario (Figure 2) . In each of the three scenarios, the differentiated SoloSTAR was consistently selected correctly more frequently than the undifferentiated SoloSTAR or the FlexPen (Figure 2 ). As shown in The most common reason cited for correct responses among all patients was color of the label or the pen, according to pen type. For the differentiated SoloSTAR, 65% (scenario 1), 62% (scenario 2), and 38% (scenario 3) of the participants reported that they remembered the color difference. In addition to the 38% in scenario 3, another 31% correctly associated the blue pen body color with the short-acting insulin.
The color of the label was the most frequently cited reason for the correct responses in terms of insulin type for FlexPen (scenario 1, 61%; scenario 2, 56%; and scenario 3, 60%).
By contrast, for the undifferentiated SoloSTAR lacking any differing color elements, the most common reason was that the participant remembered the name/brand when responding to scenarios 1, 2, and 3 (41, 40, and 35%, respectively).
For the differentiated SoloSTAR, 68, 62, and 34% of participants in scenarios 1, 2, and 3, respectively, reported that they remembered the number of times per day for each pen (multiple answers were allowed; p < 0.05 vs undifferentiated SoloSTAR and FlexPen in scenarios 1 and 2). In Scenarios 1, 2, and 3, the rates for the undifferentiated SoloSTAR were 43, 38, and 38%, respectively. By contrast, the proportion of participants who remembered the number of times each pen/insulin type should be used per day was lower for FlexPen (scenario 1, 19%; scenario 2, 17%; and scenario 3, 12%).
Overall, 90% of the participants given the differentiated SoloSTAR believed they would have no trouble remembering that the pens are different, compared with 86 and 49% of participants given FlexPen and the undifferentiated SoloSTAR, respectively (p < 0.05 for differentiated SoloSTAR and FlexPen vs undifferentiated SoloSTAR).
The correct identification of the insulin pen in isolation was highest for the differentiated SoloSTAR. When the participants were presented with the pen containing the short-acting insulin and asked whether the pen was for once daily injection or thrice daily injection, more patients correctly identified the differentiated Apidra SoloSTAR pen. All participants (100%) correctly reported that the Apidra SoloSTAR pen was for thrice daily insulin, while 96% of the participants correctly stated that this pen was not for once daily insulin (both: p < 0.05 vs undifferentiated SoloSTAR and FlexPen). In contrast, the proportion of participants with correct responses was 77 and 75%, respectively, for the undifferentiated Apidra SoloSTAR pen, and 85 and 88%, respectively, for NovoLog FlexPen. 
Discussion
In the present study, participants with diabetes were presented with two pens of the same model (i.e., differentiated or undifferentiated SoloSTAR, or FlexPen); one pen contained short-acting insulin and the other contained long-acting insulin. The participants were then presented with three scenarios commonly encountered in everyday life, namely: (1) you are about to eat lunch, and you need to give yourself the insulin that is used three times a day; (2) it is 9 o'clock, and you are getting ready for bed; you need to give yourself the insulin that is used once a day; and (3) you are getting ready for breakfast, and you need to give yourself the insulin that is used three times a day. Overall, the majority of participants presented with either model identified the correct insulin for each scenario. Notably, the proportion of participants with correct responses was highest for the differentiated SoloSTAR (97.3%), followed by FlexPen (83.7%) and undifferentiated SoloSTAR (76.7%) (p < 0.05 for differentiated SoloSTAR vs FlexPen and undifferentiated SoloSTAR). For differentiated SoloSTAR, the most common reason given for the correct response was that they remembered whether the pen was for once or thrice daily in each scenario, followed by the color difference (scenario 1, 56%; scenario 2, 62%; and scenario 3, 38% plus 31% for blue is for three times a day). For FlexPen, the color of the label was the most commonly cited reason for the correct response. By contrast, for undifferentiated SoloSTAR, the most commonly cited reason was that they remembered whether the insulin was for once or thrice daily administration. These findings suggest that color features, such as body color and label color, are important factors that helped the participants select the correct pen.
Insulin vials and pens have commonly had a significant limitation, in that the different products have been differentiated only through the text printed on the label, which may raise the risk for dosing errors caused by picking the wrong vial. 13 This problem is further compounded by the increasing use of insulin pens, where the pen cap may obscure any text on the pen cartridge. Recent developments have included the introduction of color features on the label of prefilled pens. However, regarding FlexPen, it seems that label color features provide only small improvements in error rates compared with the undifferentiated SoloSTAR, which was evident in each of the scenarios and in the final identification of the short-acting insulin pen. We found that with the extension of color features to the pen body, as in the differentiated SoloSTAR, there was a notable improvement in the error rate in all three scenarios and in the final identification of the short-acting insulin pen.
Overall, more participants correctly identified the differentiated SoloSTAR sets of pens in each of the three scenarios compared with the FlexPen sets. Furthermore, many of the participants reported that they memorized the body color appropriate for the specific pen/insulin for SoloSTAR, whereas for FlexPen, a smaller proportion of patients reported that they considered the label color when selecting the pen/insulin.
Overall, the results of the study should be considered in conjunction with its limitations. First, only 100 participants were surveyed for each of the undifferentiated and differentiated SoloSTAR sets of pens, whereas 200 participants were surveyed for the FlexPen set of pens. Accordingly, the results in the SoloSTAR groups may be underestimated compared with the other groups. The time taken to explain to patients the difference between the different pens was not recorded as part of the survey. Although all interviews were performed with a standardized approach across all surveys, some patients may have inadvertently spent longer learning the differences between the pens. Moreover, only current treatments for diabetes were recorded as part of the survey; it is possible that some patients may have had prior, but not current, exposure to insulin pens and could have been more familiar with the differences between pens than patients with no prior exposure. Although it would be interesting to analyze the differences between these groups of patients, the numbers of patients enrolled were too low to allow further subgroup analyses. The limit on patient numbers also meant that analysis according to current pen use or other demographic features was not possible.
In this study, we only used devices bearing the U.S. label. Therefore, studies performed in other countries using the locally approved labels may show differing results, although the essential features of the labels are broadly comparable across countries.
The results reported in this analysis provide a good indication of how patients can use the features of the pens to differentiate between insulin formulations; however, it is important to recognize that within a clinical setting, patients will receive complete guidance and information on how to remember the differences between pens. This study was purposefully designed to avoid learning and positive (or negative) reinforcement, and the results presented, therefore, may not reflect those obtained in the clinic, where patients may be shown additional features that can be used to distinguish pens and minimize injection errors.
Ultimately, enhancing the ability to differentiate between pens and insulin formulations is an important consideration for improving insulin therapy and reducing the likelihood of potentially serious medication errors. The introduction of specific pen body colors could help to reduce such errors, as was originally achieved by teaching people with diabetes the difference between cloudy and clear insulin in the neutral protamine Hagedorn era.
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Conclusions
This study suggests that the full pen body color used on SoloSTAR pens enhances the patients' ability to differentiate between the long-and short-acting insulin compared with the standard approach of differing colors for label and injection button. The results of this study should offer patients and health care professionals reassurance that using insulin pens with a different body color according to the type of insulin used may reduce the risk of erroneously selecting (and injecting) the incorrect insulin, as compared to pens that differ only in their label and injection button color. 
SHOW CARD S4
Hello my name is ______________ from *******, a marketing research company. We are conducting a survey on health issues and would like to include your opinions. This is strictly a research project. You will not be asked to buy anything during or as a result of this survey. We are interested only in learning your opinions on this subject. This will take only a few minutes of your time. 
S4 Which
, if any, of these health conditions do you currently have that has been diagnosed by a doctor
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And, looking at these two pens, do you think you would have trouble remembering that they are different? 5.
Please tell me why.
Demographics:
6. Marital status 7.
Employment status 8.
Level of education completed or highest degree received 9.
Household income before taxes for the past 12 months 10. Ethnic background 11a.
Is English the language you primarily speak on a day to day basis? 11b.
Do you speak any other languages?
Apidra Correct Identification in Isolation:
(Rotated) 12a.
It is time to give yourself your ONE time a day insulin. Is this the right insulin pen? 12b.
Why did you say (yes/no)?
12a.
It is time to give yourself your THREE times a day insulin. Is this the right insulin pen? 12b.
Additional Demographic:
13.
People with diabetes were asked to read a sentence aloud to test for literacy.
Differentiation Exercise:
We are testing the appearance of two pens that people with diabetes might use to take insulin. One pen is taken ONE time each day. The other pen is taken THREE times a day with your meals.
Please look at these two pens.
This insulin (show pen labeled Levemir FlexPen) is used ONE time each day.
This insulin (show pen labeled NovoLog FlexPen) is used THREE times a day with your meals.
I am now going to present three scenarios to you, and I would like you to tell me which pen you would use for each. If you are not sure, just tell me.
NOTE: Before each scenario, the interviewer mixed up the pens under the table.
Scenario #1: 1a.
First, you are about to eat lunch, and you need to give yourself the insulin that is used THREE times a day. Please pick up the pen that you need to use. 1b.
Please tell me why you picked this pen. (PROBE: What is it specifically about the appearance of the pen itself that made you select this pen?) 1c.
You seem unsure. Please tell me why. (PROBE: What is it specifically about the appearance of the pen itself that makes you unsure?) Scenario #2: 2a. Second, it is 9 o'clock, and you are getting ready for bed; you need to give yourself the insulin that is used ONE time a day. Please pick up the pen that you need to use. 2b.
Please tell me why you picked this pen. (PROBE: What is it specifically about the appearance of the pen itself that made you select this pen?) 2c.
You seem unsure. Please tell me why. (PROBE: What is it specifically about the appearance of the pen itself that makes you unsure?) Scenario #3: 3a.
Third, you are getting ready for your breakfast, and you need to give yourself the insulin that is used THREE times a day. Please pick up the pen that you need to use. 3b.
Please tell me why you picked this pen. (PROBE: What is it specifically about the appearance of the pen itself that made you select this pen?) 3c.
You seem unsure. Please tell me why. (PROBE: What is it specifically about the appearance of the pen itself that makes you unsure?)
Trouble Remembering Pens Are Different:
4.
Demographics:
Level of education completed or highest degree received
